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| INTRODUC TI ON
The bladder is lined by urothelium, a transitional epithelium, which is generally considered to be a poorly permeable urine-blood barrier with a crucial function to separate tissues of the urinary tract from the noxious composition of urine. 1 Although it is believed that kidneys are responsible for the final concentration and volume of urine, significant in vivo reabsorption and secretion of Na + , K + , urea and creatinine has been measured in rabbit and rat bladders, 1,2 as well as difference in urine composition between the renal pelvis and voided urine in human subjects, indicating net water uptake. 3 Recent studies have shown that the urothelium expresses transmembrane water channels, aquaporins (AQPs). Currently 13 AQP (0-12) subtypes have been identified in mammalian tissues, and from these subtypes, AQP3, AQP4, AQP7 and AQP9
have been found in the human urothelium 4 and AQP1, AQP2 and AQP3 in rat urothelium, 5 indicating that AQPs could regulate urothelial cell volume and osmolarity, determining the final composition of urine.
Although AQPs have been identified in normal human urothelial cells, their exact functional role requires further investigation. The adult pig bladder offers a viable animal model as it has comparable structural and physiological properties to the human bladder. 6, 7 We report the initial stage to characterize the expression and localization of AQPs in adult pig urinary bladder. 
| MATERIAL S AND ME THODS

| Tissue preparations
| RNA isolation and AQP transcription
Tissue samples were homogenized in RNA lysis buffer. Total RNA was extracted from mucosa and urothelium of 25 pig bladders using Promega SV total RNA isolation kit according to the manufacturer's instructions. cDNA samples were first amplified for Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as a housekeeping gene (Table 1) . Sterile water replaced cDNA template as a negative control. Samples were then amplified using primers specific to AQPs 1-11 (Invitrogen, UK, Amplified PCR products were separated by agarose gel electrophoresis and sequenced (Eurofin MWG, Germany). F I G U R E 1 Aquaporins (AQP) transcript expression in pig bladder. Expression of AQP1-11 transcripts in a representative pig bladder mucosa and the corresponding urothelium sample; the GAPDH band is shown below. The negative controls are where nuclease-free water substituted reverse transcriptase in the amplification process both the mucosa and the urothelium of pig bladder (Figure 1 ). The expression of AQP2, AQP4-8 and AQP10 could not be detected.
| Immunohistochemistry
Direct sequencing of the AQP PCR amplicons from bladder tissue yielded partial sequences (~276-354 bp) with homology range of 97%-100% with Sus scrofa AQPs 1, 3, 9 and 11 (for accession numbers see Table 1 ).
| Immunoperoxidase labelling of AQP1, 3, 9 and 11 in adult pig bladder
AQP1 immunoreactivity was present in the lamina propria, localized to endothelial cells in capillaries and arterioles (Figure 2A ). AQP3 and 11 labelling was detected throughout the urothelium (Figure 2B ,D).
AQP9 labelling was identified in the upper region of the urothelium which would include umbrella and intermediate cells ( Figure 2C ).
AQP1, 3, 9 and 11 peptide controls showed no labelling in the bladder (representative Figure 2E ).
| D ISCUSS I ON
The aim of this study was to determine the expression profile of AQPs in the adult pig bladder as it is a convenient model to describe human bladder function. RNA expression and protein translation of AQP1, AQP3, AQP9 and AQP11 were found.
AQP1 was confined to lamina propria blood vessels, as observed in rat bladder and ureter. 5 The functional role of AQP1 in proximal tubular and descending limb of the loop of Henlé epithelium is to mediate water fluxes. AQP1 is also expressed in mice airways and lungs where it facilitates osmotic water transport across alveolar microvascular endothelium. 8 However, AQP1 knockout had no impact on alveolar fluid absorption, impaired humidification or lung CO 2 transport. 8 Similarly, deletion of AQP1 in the microvascular endothelial cells of salivary gland in mice had no effect on the secretion of saliva. 8 It appears that AQP1 has limited physiological function in fluid movement in the endothelium, but its functional role in the microvasculature of the bladder mucosa is unknown.
F I G U R E 2 Immunoperoxidase labelling of AQPs in pig bladder. A, bladder mucosa with AQP1 immunoreactivity in the lamina propria. The inset shows a small blood vessel immediately below the urothelium at a larger magnification. B, bladder mucosa with AQP3 immunoreactivity in the urothelium. The inset shows the urothelium at a larger magnification. C, bladder mucosa with AQP9 immunoreactivity in the urothelium. The inset shows the urothelium at a larger magnification. The dotted line demonstrates the boundary between the urothelium and the lamina propria. D, bladder mucosa with AQP11 immunoreactivity in the urothelium. The inset shows the urothelium at a larger magnification. E, A representative bladder mucosa with peptide control. U, urothelium; LP, lamina propria 
